1. In control theory, 2. In vibration analysis, 3. In the numerical solutions of higher order system of ordinary and partial differential equations, etc.
(The Millennium footbridge problem)
In this problem the modes and frequencies of the structure correspond to the solutions of a quadratic polynomial Q(λ) = λ 2 M + λC + K when damping effects are induced. Objective: Structured eigenvalue backward errors
• When S = (C n×n ) m+1 , then η ∞ (P, λ) := η S ∞ (P, λ) is called unstructured backward error.
• When S = (R n×n ) m+1 , then η R ∞ (P, λ) is called the real eigenvalue backward error.
• Explicit formulae for η S ∞ (P, λ) are not known in literature even for m = 1 case.
(ii)
Hermitian matrix polynomials Theorem 1: Let P (z) be a Hermitian polynomial and λ ∈ C \ {0} be such that M = (P (λ)) −1 exists. Then (1) There exists γ * = (γ * 0 , . . . , γ * m ) where γ i are all nonzero and Hermitian matrices G, H 0 , . . . , H m depending on γ * such that
is attained for some t * 0 , . . . , t * m ∈ R. If λ * max is simple, then
(2) Under certain conditions which are observed to be satisfied numerically, we have
Further, if polynomial is real then
where η
is the real Hermitian eigenvalue backward error preserving the real as well as the Hermitian structure of P (z). 
(v)
Real eigenvalue backward errors of matrix pencils
where η R ∞,A and η R ∞,B are the real eigenvalue backward errors with the perturbation in only A and B, respectively, and σ 2 (R(γ, δ)) is the second largest singular value of R(γ, δ). Table 1   Table 1 . Tightness of lower bound for arbitrarily chosen Hermitian pencils L(z) and λ ∈ C \ R.
Numerical Results
Here lbound is the lower bound of η Table 2 . η ∞ (L, λ) and η R ∞ (L, λ) for random pencils and λ ∈ C \ R. Table 3   Table 3 . η ∞ (L, λ) and η R ∞ (L, λ) for random Hermitian pencils and λ ∈ C \ R. Real structured eigenvalue backward errors 
Even R ∞ (L, λ) denotes the real even eigenvalue backward error.
where η Pal R ∞ (L, λ) denotes the real palindromic eigenvalue backward error. Remark: Similar kind of bounds can also be obtained for real odd and real antipalindromic pencils for λ values chosen on imaginary axis and unit circle, respectively.
